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Abstract 
In this paper, impulsive synchronization control for a class of chaotic systems is studied. Based on Lyapunov 
stabilization theorem, new impulsive synchronization method with wider applied scope is presented. The numerical 
simulation examples are given to demonstrate the effectiveness and advantage of theoretical results obtained.  
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1. Introduction
Chaos synchronization means the variable trajectories of slave system will follow the variable
trajectories of master system, and could be used in many potential application fields, such as laser physics, 
chemical reactor, secure communication and so on. For the moment a lot of different types of techniques 
have been developed to realize chaos synchronization, such as feedback control method, sliding control 
method, backstepping control method, fuzzy control method, adaptive control methods[1-10] and so on. 
Recently, impulsive control and its applications to chaos synchronization have become the active 
research hotspot and many scholars have paid their attention on the topic. Based on impulsive control 
method, the synchronization of Lorenz system is researched in [11], Rossler system is concerned in [12], 
system is investigated in [13] and Chen system is considered in [14]. However, such results can only 
be applied to one typical chaotic system, which limit their applied scope. Therefore, how to design the 
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impulsive control strategy to realize the chaos synchronization with wider applied scope, activate this 
paper.  
In this paper we consider the following class of chaotic system  
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Where  is the system state vector, ( ) nz t R∈ ( )f z is the two order nonlinear function about z. The 
system (1) can be transformed as follow 
0 0
( )
( )
( ( ))1( )
2
i
ij
j
z C Az B z z
z t z
d f z
B z
dz
+
⎧
⎪
= + +⎪⎪
=⎨
⎪
⎪ =⎪⎩
&
                      
(2)
Where A and C are linear constant matrix, is the linear matrix about z.  ( )B z
Above transformation has two good characteristic. First, the following equality can be obtained 
 for ( ) ( )B x y B y x= , ,x z y z∈ ∈  which will be used to derived our theoretic results later on. Second, 
system (2) can represent many chaotic systems, such as Lorenz system, Rossler system, Chen system, Lü 
system and so on. Therefore, the research on chaotic system (2) will be more representative compared 
with the results concerned with one typical chaotic system just.  Hence in this paper, based on impulsive 
control theory and Lyapunov method, we try to propose a new and practical impulsive strategy to realize 
the synchronization for a class of chaotic system. Finally we shall include some typical examples to show 
the effectiveness and correctness of our results given. 
2. Model description and preliminaries 
Consider the following main chaotic system 
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Where  is the state variable of main chaotic system. ( ) ny t R∈
The slave system is as follow 
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Where ( ) nx t R∈  is the state variable of slave chaotic system. 
Define the error state variable as follow 
( ) ( ) ( )e t x t y t= −
Following error dynamical system can be concluded 
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Consider the following equality transformation 
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )B x x B y y B x x B y x B y x B y y B e x B y e− = − + − = +
For , we can obtain the following error dynamical system( ) ( )B e x B x e=
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Where ( ) ( )A B x B yΠ = + +
3. Chaos synchronization 
In this section, based on Lyapunov method and impulsive control theory, the following results are 
presented. 
Theorem 1. Let , . If there exists scalar , such that  max ( )
Ta λ= Π +Π max[( ) ( )]Tk kc I B Iλ= + + kB 1d >
( ) 0,   k = 1,2,k kIn c d a+ Δ ≤ L                                                                                               
(7)
Slave system (4) with any initial conditions will synchronize to master system (3). 
Proof. Choose the following Lyapunov functional candidate as follow  
( ) ( ) ( )TV t e t e t=                                                       
When , the time derivative of  along trajectories of error dynamical (6) can be given by 1( , )k kt t t +∈ ( )V t
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Consider following equality 
( ) [( ) ( )] [( ) ( )] ( )TV t I B e t I B e t c V t+ − −= + + =
We have 
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Therefore .That means the slave system (4) can synchronize to the master system (3) by the 
impulsive control strategy given. This completes the proof.  
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When , based on Theorem 1, we can get the following corollary directly. Its proof is 
omitted. 
,k kB bI= Δ = Δ
Corollary 1. Let , . If there exists scalar , such that  max ( )
Ta λ= Π +Π max[( ) ( )]Tc I bI I bλ= + + 1d >
( ) 0In cd a+ Δ ≤                                                                                                                       
(8)
Slave system (4) with any initial conditions will synchronize to master system (3). 
4. Example and simulation 
As an example, let us consider the following unified chaotic system  
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It can be transformed as follow 
( )z C Az B z z= + +&
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Unified chaotic system have various dynamics with different parameter r. For instance, it represents the 
 system when , the generalized Lorenz system when 0  and the generalized Chen 
system when .
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First we consider the impulse controllable region for . Fig.1 shows the relationship between b 
and  with different parameter d. We can see the upper bound of parameter b decreases with the augment 
of parameter k, and the impulse controllable region dwindles with the increase of parameter d.  
30a =
Δ
Then we carry on the numerical simulation to testify the correctness of impulse control method 
presented. The numerical simulation is with the initial state 0 0 , the parameter 
 and the simulation step 0.001 second. Fig.2 depicts the dynamics of chaotic system 
given. It can be seen the state variable will never converge to a constant, but move in a scope with the 
lapse of time. Fig.3 depicts the time response of error state variable for master-salve system. It can be seen 
the error state variable tends to zero quickly based on the impulse control method given, which 
demonstrate the effectiveness of the results adequately. 
[7,9, 2] , [ 1,3,5]Tx y= = −
0.02, 0.8bΔ = = −
Fig. 1. (a) Relationship between b and  with different parameter d; (b) Fig. 2. Dynamics of chaotic system given; (c) Time response
of the system error state variable e(t) 
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5. Conclusions  
In this paper, based on impulsive control theory and Lyapunov method, we have derived some new and 
practical results about impulsive synchronization control for a class of chaotic system. Some example and 
numerical simulation have been carried out to demonstrate the effectiveness of our theoretical results.  
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